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Baduk (the Game of Go) Improved Cognitive Function and Brain
Activity in Children with Attention Deficit Hyperactivity Disorder
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Objective  Attention deficit hyperactivity disorder (ADHD) symptoms are associated with the deficit in executive functions. Playing
Go involves many aspect of cognitive function and we hypothesized that it would be effective for children with ADHD.

Methods Seventeen drug naive children with ADHD and seventeen age and sex matched comparison subjects were participated. Par-
ticipants played Go under the instructor’s education for 2 hours/day, 5 days/week. Before and at the end of Go period, clinical symptoms,
cognitive functions, and brain EEG were assessed with Dupaul's ADHD scale (ARS), Child depression inventory (CDI), digit span, the
Children’s Color Trails Test (CCTT), and 8-channel QEEG system (LXE3208, Laxtha Inc., Daejeon, Korea).

Results There were significant improvements of ARS total score (z=2.93, p<0.01) and inattentive score (z=2.94, p<0.01) in children
with ADHD. However, there was no significant change in hyperactivity score (z=1.33, p=0.18). There were improvement of digit total
score (z=2.60, p<0.01; z=2.06, p=0.03), digit forward score (z=2.21, p=0.02; z=2.02, p=0.04) in both ADHD and healthy comparisons. In
addition, ADHD children showed decreased time of CCTT-2 (z=2.21, p=0.03). The change of theta/beta right of prefrontal cortex dur-
ing 16 weeks was greater in children with ADHD than in healthy comparisons (F=4.45, p=0.04). The change of right theta/ beta in pre-
frontal cortex has a positive correlation with ARS-inattention score in children with ADHD (r=0.44, p=0.03).

Conclusion We suggest that playing Go would be effective for children with ADHD by activating hypoarousal prefrontal function

and enhancing executive function.
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INTRODUCTION

ADHD and executive function

Attention deficit hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder in school-aged children,
and has a worldwide prevalence rate of 5%."* ADHD is char-
acterized by age-inappropriate inattention, hyperactivity, and
impulsivity. These symptoms are assumed to result from dis-
turbances in the brain region supporting executive function.*
Executive function is essential for cognitive development and
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is vital to individual social and intellectual function in daily
life. Children with ADHD symptoms often show impairments
in executive function, which has a significant impact on aca-
demic achievement and social functioning in daily life.>* One
important neuropsychologic theory suggests that ADHD
symptoms arise from a primary deficit in the executive func-
tions that maintain the appropriate problem solving set for
the attainment of later goals.” Executive functions of perceptu-
al cognition in relation to time and space, self-regulation, prob-
lem solving, logical and flexible thinking, and reconstitution
of behavior have been suggested to be important in ADHD.”*
Previous studies have also demonstrated that executive func-
tion can be enhanced by training intervention in children
and adolescents with ADHD.>"

ADHD treatment and adverse effects
Pharmacological treatment and behavioral interventions
have been regarded as the standard treatment for ADHD."
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Stimulant medications are recommended as the first-line tr-
eatment for ADHD and can produce improvements in clini-
cal and behavioral symptoms.'*'* However, non-pharmaco-
logical behavior modification treatments are also recommend-
ed for improving behavioral inhibition deficits and executive
dysfunction in ADHD." For example, neurofeedback therapy,
multimodal psychosocial treatment, school-based programs,
working memory training, parent training, and self-moni-
toring have been introduced and applied as alternative treat-
ments.'”'*** EEG biofeedback, meditation, channel specific
perceptual training, and vestibular stimulation have been ap-
plied for ADHD as alternative treatment with a promising
prospective evidence.”* EMG biofeedback and cerebellar
training demonstrated more evidences of treatment effective-
ness.”® However, there is still a need for development of further
adjuvant methods to improve ADHD symptoms and quality
of daily life in children with ADHD.

Board games and executive function

Recent studies have demonstrated that board games involve
many aspect of cognitive function. Several neuroimaging stud-
ies have revealed that the playing of board games such as Go
or chess is related to executive function and problem solving
skills.*** Chen et al. (2003) investigated the neural basis of Go
using functional magnetic resonance imaging and observed
enhanced activations in cortical areas of the dorsal prefrontal,
parietal, occipital, posterior temporal, and primary somato-
sensory and motor areas. Quantitative analysis indicated a
modest degree of stronger activation in the right parietal area
than in the left, which are regions associated with executive
function. Tachibana et al.”* investigated the efficacy of a Go
intervention program for elementary school children.

The game of Go is a traditional board game for two players
that originated in ancient China more than 2,500 years ago.
The object of Go is to enclose a lager total area of the board
than your opponent. The rules are simple, each player places
black or white pieces alternately on the intersections of 19 by
19 crossed lines. The pieces may not be moved once placed on
the board, although a player can capture and remove the op-
ponent’s pieces. Players must create at least two “eyes” in a
group of stones to make them alive. If two eyes are present, the
opponent can never capture a group of pieces.*** The key fac-
tor in playing Go is spatial positioning.

Playing Go requires several cognitive process steps related
to executive function: attention, visuospatial perception, work-
ing memory, and decision making.* Playing Go provides good
opportunities to develop cognitive skills because of the many
creative strategies available within a set of well-defined, simple
rules.”® This game is noted for its rich strategy in spite of its
simple rules. It was reported that long-term Go training ap-
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pears to cause structural brain changes associated with high-
er-order cognitive capacities of learning, abstract reasoning,
and self-control.”” Lee et al.” conducted voxel-based analyses
of diffusion-tensor imaging data and found that, compared
to inexperienced controls, long-term trained Go players sh-
owed larger regions of white matter with increased fractional
anisotropy values in the frontal, cingulum, and striato-thalamic
areas, which are related to attentional control, working mem-
ory, executive regulation, and problem-solving. Additionally,
the finding that fractional anisotropy is increased in the infe-
rior temporal regions of expert Go players indicates that these
players tend to develop a task specific template and right side
dominance, suggesting that the tasks involved are mainly spa-
tial processes.” Long term Go training may cause structural br-
ain changes associated with many cognitive properties, and
such changes might be helpful for improving higher-order
cognitive capacities such as learning, abstract reasoning, and
self-control, which can facilitate education and cognitive ther-

apies.”*?

Executive function and EEG changes
in the prefrontal lobe

In a review of quantitative electroencephalography (QEEG)
in children with ADHD, elevated theta power, reduced rela-
tive alpha and beta power and increased theta/beta ratio have
been suggested as a marker of inattention and executive prob-
lems in ADHD.** QEEG can serve as a valid neurometric tool
in the diagnosis of ADHD,” and changes in QEEG can now
be used to evaluate changes in ADHD symptoms correlated
with brain activity. Children with ADHD have been shown to
have an altered pattern of QEEG activity compared with chil-
dren without ADHD, especially during attention-loaded tasks,
showing increased slow cortical activity mainly over in the
frontal areas and decreased fast cortical activity.” In addition,
several stimulants and atomoxetine have been shown to ch-
ange the EEG patterns in the frontal lobes of children with
ADHD.*¥

We investigated the effectiveness of playing Go as a com-
plementary therapy for improving executive function, includ-
ing inattention, hyperactivity, and impulsivity, in children with
ADHD. We hypothesized that 16 weeks of Go training would
change the clinical symptoms of ADHD, cognitive functions
and the EEG pattern within prefrontal cortex in patients with
ADHD. In details, ARS score and the time of Children’s Color
Trails Test (CCTT) would be decreased, the total score of dig-
it span would be increased. In addition, theta/beta ratio with-
in prefrontal cortex would be greatly decreased in ADHD
group, compared to healthy control subjects.



METHODS

Subjects

We enrolled the participants by advertising at elementary
schools in Andong. After obtaining informed consent from
the children and their parents in accordance with Institution-
al Review Board guidelines, 42 participants were enrolled in
this study. Two students with previous experience learning Go,
one student with a tic disorder, and five students who dropped
out prior to the start of the study were excluded. Seventeen
drug-naive children with ADHD were aged 7 to 12 years and
seventeen age- and sex-matched comparison subjects with-
out ADHD were recruited. These participants had no experi-
ence of other treatment for ADHD including behavioral ther-
apy and psychosocial treatment. All children were screened
with the Korean Kiddie Schedule for Affective Disorders and
Schizophrenia-Present and Lifetime Version (K-SADS-PL)
by psychiatrist and assessed with the ADHD Rating Scale
(ARS).”* The ARS was performed by the parents of each
child. There were no differences in the Child Depression In-
ventory scores between the ADHD and control groups (t=
0.02, p=0.98) (Table 1).

The inclusion criteria were as follows: 1) participants had
no experience playing Go before the current study, 2) chil-
dren in the ADHD group were diagnosed by a psychiatrist ac-
cording to the Diagnostic and Statistical Manual of Mental
disorder IV-TR criteria (DSM-IV-TR),” 3) children were
able to attend all two hour/day, 5 days/week Go lessons dur-
ing the 16-week study period. The exclusion criteria were as
follows: 1) children who were being treated with stimulants,
atomoxetine, neuroleptic, or any other psychoactive drugs or
2) children with organic brain disease, seizure disorder, men-

Table 1. Comparison of demographic data and clinical characteristics
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tal retardation (IQ<70), severe illness or disorder, or other
Axis I psychiatric diseases except ADHD, 3) those with any
motor or perceptual handicap that would prevent them from
playing Go.

Procedures

During the 16 weeks, both ADHD children without medi-
cation and children of control group were asked to learn and
play Go for two hours/day with an instructor of the game of
Go. Before and at the end of 16 weeks of playing Go, clinical
symptoms, cognitive functions, and brain QEEG were as-
sessed using ARS, CD], the digit span forward/backward task,
the CCT'T, and 8-channel QEEG system (LXE3208, Laxtha
Inc., Daejeon, Korea).

The children in the ADHD group had never taken medi-
cation for ADHD including stimulants, and had no other treat-
ments for ADHD. The Go training curriculum was designed
for beginners aged 7 to 12 and progressed for 16 weeks. Par-
ticipants played Go under the instructor’s education for 2
hours a day during weekday, Monday to Friday. Go training
with the same protocol had been provided in two elementary
schools and a public library in Andong, Republic of Korea as an
after-school activity and the training curriculum was same.

Measures

Recording and analysis of quantitative electroencephalog-
raphy

Electroencephalographic activity was recorded by QEEG-
8 (LXE3208, Laxtha Inc., Daejeon, Korea). The electrodes
were placed on Fpl, Fp2, F3, F4, T3, T4, P3, P4 according to
the International 10-20 System,*" with two additional elec-

ADHD (mean+SD) Controls (meantSD) Statistics
Age 10.1+1.5 10.2+1.6 t=0.18, p=0.85
Sex (M : F) 15:2 14:3 X=0.23, p=0.63
Education (year) 4.0+1.6 42+1.6 t=0.44, p=0.65
ARS total 23.1+6.6 6.915.1 t=4.77, p<0.01*
Inattention 13.213.6 47+3.8 t=4.32, p<0.01*
Hyperactivity 9.8+4.1 22423 t=4.39, p<0.01*
CDI 10.4+8.4 9.816.4 t=0.02, p=0.98
Digit total 13.1+2.6 17.5+4.7 2.50,0.01*
Digit forward 8.512.0 11.5+2.9 2.53,0.01*
Digit backward 4.611.0 6.112.5 1.65, 0.09
CCTT1 (sec) 94.0+14.3 88.3+14.3 0.18,0.85
CCTT?2 (sec) 107.6t11.4 95.4+14.5 2.04, 0.04*

*p<0.05. CDI: Child Depression Inventory, CCTT1/2: Children’s Color Trails Test 1/2, ADHD: attention-deficit hyperactivity disorder, ARS:

ADHD Rating Scale
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trodes placed on the inter-connected ear lobe to serve as the
reference (A2) and ground (A1). The QEEG was recorded
with a resolution of 12 bits, a low frequency filter of 0.5, a high
frequency filter of 46 Hz, and at a sampling frequency of 256
Hz. Impedance was maintained below 5 k().

All recordings were performed by the same EEG technician.
Electroencephalographic activity was recorded with open eyes
and during cognitive tasks for 5 minutes, during which partic-
ipants were asked to judge whether or not pairs of figures were
identical. If the pair of figures was identical, participants were
asked to press the left arrow key on a computer keyboard, and
if the pair of figures was not identical, participants were asked
to press the right arrow key. The figures were modified from
Raven’s Progressive Matrices,”” which is often used as a non-
verbal test in educational settings for groups ranging from 5
year olds to people who are elderly. In each test item, the sub-
ject is asked to identify the missing element that completes a
pattern. This format is designed to measure reasoning ability
or components of general intelligence.

Artifact-free 300-second periods were recorded and ana-
lyzed. Epochs of movement-related artifacts were excluded
from the analyses by direct visual inspection of the raw data.
The results were presented as absolute spectral power values
(uV2) for individual segments of EEG spectrum theta (4-8
Hz), alpha (8-13 Hz), low beta (12-15 Hz), mid beta (15-20
Hz), and high beta (20-30 Hz). The average power spectrum
of the EEG frequencies was calculated by the fast Fourier
transform (FFT), a mathematical process that can be used to
identify the various frequency bands (delta, theta, alpha and
beta) on a QEEG. A Complexity 2.0 (Laxtha, Inc., Daejeon,
Korea) EEG analyzing system was used for the analysis of
electroencephalographic activity data.

Digit span forward/backwards test

The digit span task in the Wechsler Intelligence Scale for
Children requires holding phonological units in the form of
digits in short-term memory.* The examiner reads aloud a se-
quence of numbers initially three digits in length and contin-
ues to nine digits numbers, and the participants are asked to
repeat each sequence in the forward order and then in the re-
verse order. The digit span forward test determines verbal
working memory and the digit span backwards test measures
complex attention and working memory. Participants’ scores
were compared to age-matched normative data. Digit span in-
ternal consistency (Cronbach’s alpha=0.90) and test-retest reli-
ability (r=0.83, p<0.05) were both high.**

Children’s Color Trails Test 1, 2

The CCTT was developed and standardized based on the
Trail-Making Test as a Korean version for children.* The Trail
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making test, an indicator of the speed of cognitive processing
and executive functioning, is the most widely used instrument
in neuropsychological assessment. The CCTT consists of two
parts: CCTT-1 and CCTT-2. All data are presented as T-scores
and are adjusted for age and sex. Higher T-scores indicate bet-
ter performance on the test. The total time to finish the CCTT-
1, CCTT-2 and the difference interference indices have been
previously shown to differ significantly between normal chil-
dren and children with untreated ADHD.” CCTT-2 reflects
primarily working memory, secondary task switching and

reflects cognitive flexibility and cognitive persistence.*®*

DuPaul’s ADHD Rating Scales

The severity of ADHD symptoms was assessed with the
Korean version of the parent and teacher version of DuPaul’s
ADHD Rating Scale (ARS), which is outlined in the Diagnos-
tic and Statistical Manual of Mental disorders.”® The Korean
version of ARS has shown internal consistency (Cronbachs
alpha=0.77-0.89) and has been reported to be highly valid and
reliable.”’ The ARS consists 18 items outlined in the Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition
criteria for diagnosing ADHD, nine of which are inattention
(odd numbered) items and nine (even numbered) of which
are hyperactive/impulsivity items. Each of the items has a
4-point scale scoring from 0 to 3 points (never or rarely, some-
times, often and very often). The ARS provides a total score,
an inattention subscore, and a hyperactive/impulsive subscore.
A higher score indicates a greater severity of ADHD. In this
study, the ARS was performed by the parents of each child.

Kiddie-Schedule for Affective Disorders and Schizophrenia-
Present and Lifetime version-Korean version

The K-SADS-PL is an effective instrument for diagnosing
major child psychiatric disorders. The validity and reliability
of the Korean version was verified previously.”

Statistical analysis

The differences in demographic characteristics, ADHD
symptoms, cognitive function, and QEEG between ADHD
group and control group were assessed using the Mann-Whit-
ney U Test. Differences in the changes in ARS total, inatten-
tion, hyperactivity and impulsivity, digit span forward/back-
ward, CCTT-2, and QEEG profiles during the 16 week Go
training period were analyzed by repeated measures ANOVA.
For correction of multiple comparisons, p values were set as
less than 0.05/10 for EEG analysis. The effect size (f) is 0.37
with 0.8 power (1-f). All analyses were performed using
SPSS (version 11.0, IBM).
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Figure 1. Changes in ARS score for the ADHD group compared with the control group. A: ARS-total score. B: ARS-inattention score. C:
ARS-hyperactivity/impulsivity score. ARS: DuPaul's ADHD Rating Scale, ADHD: attention deficit hyperactivity disorder, B: baseline, F: fol-

low up.
0.16 —o— Controls 0.15 - —o— Controls
0.15 —=— ADHD 014 —=— ADHD
0.14 0.13
.1
0.13 0.12 -
0.12
0.11 -
0.11
0.10 0.10
0.09 0.09
0.08 : T 0.08 T T
A BReta_alpha_chl FReta_alpha_chl B BReta_alpha_ch2 FReta_alpha_ch2
0.20 —o— Controls 200 —o— Controls
0.18 —=— ADHD o —=— ADHD
.1
8 IZ 140 |-
: 120
0.12 100 -
0.10 80 |-
0.08 60 |-
0.06 ‘218 i
0.04 oL
0.02 -20
0.00 T T -40 T T
C BRet_Hbeta_chl FRet_Hbeta_ch1 D BRet_Hbeta_ch2 FRet_Hbeta_ch2
300 —o— Controls 350 - —o— Controls
250 —=— ADHD ool —=— ADHD
200 200 -
150 150 -
100 100 |-
50 50 +
0 0r-
_50 [
-0 100 -
-100 -150
-150 : ‘ 200 ‘ ‘

E BTheta/alpha-Lt FTheta/alpha-Lt F BTheta/alpha-Rt FTheta/alpha-Rt
30 —o— Controls 30 - —o— Controls
25 —=— ADHD 25 —=— ADHD
20 20 -

15 15 -
10 10 -
5 5+
0 0+
-5 -5+
-10 : T -10 T T
G BTheta/beta-Lt FTheta/beta-Lt H BTheta/beta-Rt FTheta/beta-Rt

Figure 2. Comparisons of changes in
the QEEG profile in the prefrontal cortex
between the ADHD and control groups.
A: Relative alpha left (Fp1) (F=2.16, p=
0.15). B: Relative alpha right (Fp2) (F=
2.44, p=0.13). C: Relative high-beta left
(Fp1) (F=0.04, p=0.85). D: Relative high-
beta right (Fp2) (F=0.54, p=0.47). E: Th-
eta/alpha left (Fp1) (F=1.37, p=0.25). F:
Theta/alpha right (Fp2) (F=1.38, p=
0.24). G: Theta/beta left (Fp1) (F=3.886,
p=0.06). H: Theta/beta right (Fp2) (F=
4.45, p=0.04). ADHD: attention deficit hy-
peractivity disorder, QEEG: quantitative
electroencephalography, B: baseline, F:
follow up.
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RESULTS

ADHD symptoms

During 16 weeks of learning Go, There were significant dif-
ference in the changes of ARS total score (F=23.1, p<0.01) and
inattentive subscores of ARS (F=19.4, p<0.01) between ADHD
group and healthy control group. In the ADHD group, the
ARS total score (z=2.93, p<0.01) and the inattentive subscore
of ARS (z=2.94, p<0.01) decreased over the 16-week Go train-
ing period (Figure 1). However, the hyperactivity subscore of
ARS (z=1.33, p=0.18) did not change. In the control group,
there were no changes in the ARS total score (z=1.03, p=0.30),
inattentive scores (z=0.27, p=0.79), or hyperactivity scores
(z=1.11, p=0.27) during the Go training period.

Quantitative electroencephalography in prefrontal
cortex

At baseline, relative high-beta right (Fp2), relative theta
right (Fp2), theta/alpha left (Fp1), theta/alpha right (Fp2), the-
ta/beta left (Fp1), and theta/beta right (Fp2) were higher in
the ADHD group than in the control group. After 16 weeks of
learning Go, the comparison subjects showed increased rela-
tive high-beta right (Fp2) (z=2.42, p=0.02), decreased relative
theta left (Fpl) (z=2.43, p=0.02), relative theta right (Fp2)
(z=2.42, p=0.02), theta/alpha left (Fp1) (z=3.88, p<0.01), the-
ta/alpha right (Fp2) (z=3.88, p<0.01), theta/beta left (Fp1)
(z=3.88, p<0.01), and theta/beta right (Fp2) (z=3.88, p<0.01),
while children with ADHD showed decreased theta/alpha
left (Fp1) (z=3.32, p<0.01), theta/alpha right (Fp2) (z=3.32,
p<0.01), theta/beta left (Fp1) (z=3.32, p<0.01), and theta/beta
right (Fp2) (z=3.33, p<0.01) (Figure 2). During 16 weeks of
learning Go, the change in theta/beta right (Fp2) in children
with ADHD was greater than that in children of comparisons

Table 2. QEEG data of prefrontal cortex in the ADHD and control groups

(F=4.45, p=0.04) (Table 2). There were no significant differ-
ent changes in other leads.

Executive function

After the 16-week Go training period, the digit span total
score (z=2.60, p<0.01) and digit span forward score (z=2.21,
p=0.02) had increased in the ADHD group (Figure 3). The
digit span backward score (z=1.80, p=0.07) also increased,
but the increase was not statistically significant (Figure 3).
The control group also showed improved digit span total
scores (z=2.06, p=0.03) and digit span forward scores (z=2.02,
p=0.04).

ADHD children showed a decrease in CCTT-2 time (z=2.21,
p=0.03) after the 16-week Go training period. However, there
was no significant change in the comparison group. There
were no significant statistical differences in digit total scores
(F=3.22, p=0.08), digit forward scores (F=2.08, p=0.16), or
digit backward scores (F=1.39, p=0.25) CCTT-2 (F=2.53, p=
0.12) between the two groups (Table 3).

Correlations between ARS score, cognitive symptoms,
and EEG

The change in right theta/beta (Fp2) had a positive corre-
lation with ARS-inattention scores and a negative correlation
with digit span forward scores (r=-0.65, p=0.01) in children
with ADHD (r=0.44, p=0.03).

DISCUSSION

Our current results suggested that playing Go may im-
prove attention symptoms, executive function, and EEG ch-
anges in the prefrontal cortex in children with ADHD. In ad-
dition, changes in attention and executive function are as-

ADHD (mean+SD) Controls (mean®SD) Statistics (z, p)
Relative alpha left (Fp1) 0.12+0.06 0.11£0.03 0.61,0.54
Relative alpha right (Fp2) 0.11£0.04 0.10£0.03 0.21,0.82
Relative mid-beta left (Fp1) 0.04+0.02 0.05+0.01 1.77,0.07
Relative mid-beta right (Fp2) 0.04+0.04 0.05+0.02 1.73,0.08
Relative high-beta left (Fp1) 0.08+0.07 0.13£0.09 1.61,0.11
Relative high-beta right (Fp2) 0.07+0.04 0.14+0.09 2.64, <0.005*
Relative theta left (Fp1) 7955.911+2733.56 328.05+181.31 2.08,0.03
Relative theta right (Fp2) 6447.9412179.66 296.98+177.29 2.67,<0.005*
Theta/alpha left (Fp1) 106.41£358.19 4.93+1.29 3.18, <0.005*
Theta/alpha right (Fp2) 122.59+414.71 4.8711.19 3.18, <0.005*
Theta/beta left (Fp1) 15.424+24.89 3.51£2.97 2.64, <0.005*
Theta/beta right (Fp2) 16.391+26.48 2.87+2.77 3.09, <0.005*

*p<0.05. ADHD: attention deficit hyperactivity disorder, QEEG: quantitative electroencephalography
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Table 3. Comparison of the changes in digit span and CCTT between the ADHD and control groups

ADHD (mean+SD) Controls (meantSD) Statistics (z, p)
Digit span-forward 9.7+0.7 10.5+2.8 0.48,0.62
Digit span-backward 5.8+0.8 5.020.0 0.61,0.54
Digit span-total 15.5£5.3 1541454 0.02, 0.98
CCTT-1 109.749.7 99.419.47 2.19,0.03
CCTT-2 105.5%5.5 97.117.15 2.19.0.03

CCTT: Children’s Color Trails Test, ADHD: attention-deficit hyperactivity disorder

sociated with changes in EEG of the prefrontal cortex.

Go improved attention symptoms

We suggest that playing Go is effective for improving inat-
tention in ADHD children. Previous studies have supported
the suggestion that Go is effective for inattention. In a brain
study of a Go player, a high degree of frontal lobe activation,
and more specifically, the lateral prefrontal cortex, was observ-
ed. The activation of this area is associated with attention and
spatial perception.” The findings reported by Klingberg et
al."” provided preliminary evidence that visuospatial working
memory training has therapeutic effects on ADHD symptoms,
including inattention.

Go improved executive functions

The symptom of ADHD significantly correlated with exec-
utive functioning such as verbal and spatial working memory;,
attention shifting, sustained attention, cognitive inhibition,
and visuospatial planning.*** The results of lower executive
function in the ADHD group as compared with the control
group as assessed with the digit span forward and the Chil-
dren’s Color Trails Test are in line with what previous studies

have shown. ADHD is associated with significant weaknesses
in several executive function domains, such as response inhi-
bition, vigilance, working memory and planning.* Barkely et
al. (1997) suggested that ADHD symptoms arise from a pri-
mary deficit in executive functions, which are associated with
the maintenance of a problem solving set appropriate for at-
tainment of later goals.

After practicing Go for 16 weeks, notable improvements in
executive function were observed in the ADHD group. The
digit span forward results imply a positive effect on verbal
working memory. The results of CCTT indicated improved
visuoperceptual abilities (CCTT1) and cognitive flexibility and
cognitive persistence (CCTT2),”* supporting the possible
therapeutic effects of playing Go with ADHD children. Adap-
tive training of working memory (WM) has recently been
shown efficacy as an alternative treatment for ADHD.® It was
demonstrated that computerized training of working memo-
ry improved response inhibition and reasoning and resulted
in a reduction in parent-rated inattentive symptoms in chil-
dren with ADHD."
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The change of EEG in prefrontal cortex

The theta/beta ratio (Fpl, Fp2) was higher in the ADHD
group than in the control group, which is consistent with other
studies of QEEG and ADHD.***! Various QEEG studies assess-
ing different parameters have been carried out in children with
ADHD, and the results have suggested a role for QEEG in
evaluating symptom severity and distinguishing ADHD diag-
nostics.” In previous studies comparing children with ADHD
and children without ADHD, an increase in the delta and the-

5% and in-

ta powers,” increase in theta and decrease in beta
crease in theta and decrease in alpha and beta”” have been ob-
served, which are characterized as a QEEG profile of ADHD.

Previous studies have shown increased theta activity and
decreased beta activity in the prefrontal cortex of children with
ADHD during cognitive tasks, indicating hypoarousal in the
prefrontal cortex of children with ADHD related to a delay in
maturation of cortical function.” El-Sayed et al. demonstrat-
ed that an increase in the theta/beta ratio is a common trait in
ADHD. After 16 weeks of learning and playing Go, the change
in the theta/beta right in children with ADHD was greater
than that in control group (F=4.45, p=0.04). Having more
QEEG profile changes in right than the left prefrontal cortex
was consistent with results of a previous study that suggested
the presence of stronger activation in the right hemisphere
than in left while playing Go.”* We suggest that Go training
would be effective for ADHD children by activating hypo-
arousal of the prefrontal functions.

Changes in attention and executive function were associat-
ed with changes in the EEG of the prefrontal cortex. This result
was consistent with previous studies showing the role of the
prefrontal cortex in coordinating, controlling, and executing
cognitive processes, allowing for the regulation of attention,
impulses, and decision making.***

The current study had several limitations. First, the number
of subjects was not large enough to generalize the effects of
playing Go on children with ADHD. Future studies of a larger
number of children will need to be done to conclusively inves-
tigate the effects of playing Go. Second, the EEG assessment
was focused only on the prefrontal cortex.

To the best of our knowledge, this is the first study investi-
gating the therapeutic effects of playing Go on enhancing
cognitive functions in children with ADHD. We suggest that
playing Go may be an alternative and complementary thera-
peutic method and that a modified intervention program for
inattention and executive deficit based on the theory of play-
ing Go could be developed.

Acknowledgments

This work was supported by a grant of the Korean Health Technology
R&D Project, Ministry of Health & Welfare, Republic of Korea (A120013).

150 Psychiatry Investig 2014;11(2):143-151

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Froehlich TE, Lanphear BP, Epstein JN, Barbaresi W], Katusic SK,
Kahn RS. Prevalence, recognition, and treatment of attention-deficit/
hyperactivity disorder in a national sample of US children. Arch Pedi-
atr Adolesc Med 2007;161:857-864.

. Patankar VC, Sangle JP, Shah HR, Dave M, Kamath RM. Neurological

soft signs in children with attention deficit hyperactivity disorder. In-
dian J Psychiatry 2012;54:159-165.

. Polanczyk G, de Lima MS, Horta BL, Biederman ], Rohde LA. The

worldwide prevalence of ADHD: a systematic review and metaregres-
sion analysis. Am ] Psychiatry 2007;164:942-948.

. Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BE Validity

of the executive function theory of attention-deficit/hyperactivity dis-
order: a meta-analytic review. Biol Psychiatry 2005;57:1336-1346.

. Wu SY, Gau SS. Correlates for academic performance and school func-

tioning among youths with and without persistent attention-deficit/
hyperactivity disorder. Res Dev Disabil 2013;34:505-515.

. Yanez-Tellez G, Romero-Romero H, Rivera-Garcia L, Prieto-Corona

B, Bernal-Hernandez ], Marosi-Holczberger E, et al. Cognitive and ex-
ecutive functions in ADHD. Actas Esp Psiquiatr 2012;40:293-298.

. Barkley RA. Behavioral inhibition, sustained attention, and executive

functions: constructing a unifying theory of ADHD. Psychol Bull 1997;
121:65-94.

. Shang CY, Wu YH, Gau SS, Tseng WY. Disturbed microstructural in-

tegrity of the frontostriatal fiber pathways and executive dysfunction
in children with attention deficit hyperactivity disorder. Psychol Med
2013;43:1093-1107.

. Gibson BS, Gondoli DM, Johnson AC, Steeger CM, Dobrzenski BA,

Morrissey RA. Component analysis of verbal versus spatial working
memory training in adolescents with ADHD: a randomized, controlled
trial. Child Neuropsychol 2011;17:546-563.

Klingberg T, Fernell E, Olesen PJ, Johnson M, Gustafsson P, Dahlstrom
K, et al. Computerized training of working memory in children with
ADHD - a randomized, controlled trial. ] Am Acad Child Adolesc Psy-
chiatry 2005;44:177-186.

Spencer T, Biederman J, Wilens T, Harding M, O’Donnell D, Griffin S.
Pharmacotherapy of attention-deficit hyperactivity disorder across the
life cycle. ] Am Acad Child Adolesc Psychiatry 1996;35:409-432.
Hinshaw SP, Henker B, Whalen CK, Erhardt D, Dunnington RE Jr. Ag-
gressive, prosocial, and nonsocial behavior in hyperactive boys: dose ef-
fects of methylphenidate in naturalistic settings. ] Consult Clin Psychol
1989;57:636-643.

Hechtman L, Greenfield B. Long-term use of stimulants in children with
attention deficit hyperactivity disorder: safety, efficacy, and long-term
outcome. Paediatr Drugs 2003;5:787-794.

Seixas M, Weiss M, Muller U. Systematic review of national and interna-
tional guidelines on attention-deficit hyperactivity disorder. J Psycho-
pharmacol 2012;26:753-765.

Prasad V, Brogan E, Mulvaney C, Grainge M, Stanton W, Sayal K. How
effective are drug treatments for children with ADHD at improving on-
task behaviour and academic achievement in the school classroom? A
systematic review and meta-analysis. Eur Child Adolesc Psychiatry
2013;22:203-216.

Duric NS, Assmus J, Gundersen D, Elgen IB. Neurofeedback for the
treatment of children and adolescents with ADHD: a randomized and
controlled clinical trial using parental reports. BMC Psychiatry 2012;
12:107.

Eiraldi RB, Mautone JA, Power T]. Strategies for implementing evi-
dence-based psychosocial interventions for children with attention-
deficit/hyperactivity disorder. Child Adolesc Psychiatr Clin N Am 2012;
21:145-159.

Kang KD, Choi JW, Kang SG, Han DH. Sports therapy for attention,
cognitions and sociality. Int ] Sports Med 2011;32:953-959.

Rutledge K], van den Bos W, McClure SM, Schweitzer JB. Training



20.

21.

22.

23.

24.
25.
26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

cognition in ADHD: current findings, borrowed concepts, and future di-
rections. Neurotherapeutics 2012;9:542-558.

Spetie L, Arnold EL. Attention-Deficit/ Hyperactive Disorder. In: Mar-
tin A, Volkmar, Fred R, Editors. Lewiss Child and Adolescent Psychiatry:
A Comprehensive Textbook. 4th Edition. Philadelphia, PA: Lippincott
Williams & Wilkins, 2007, p.449-450.

Duan X, Liao W, Liang D, Qiu L, Gao Q, Liu C, et al. Large-scale brain
networks in board game experts: insights from a domain-related task
and task-free resting state. PLoS One 2012;7:¢32532.

Wan X, Nakatani H, Ueno K, Asamizuya T, Cheng K, Tanaka K. The
neural basis of intuitive best next-move generation in board game ex-
perts. Science 2011;331:341-346.

Tachibana Y, Yoshida J, Ichinomiya M, Nouchi R, Miyauchi C, Takeu-
chi H, et al. A GO intervention program for enhancing elementary
school children’s cognitive functions and control abilities of emotion
and behavior: study protocol for a randomized controlled trial. Trials
2012;13:8.

Lin H. Introduction of Baduk (Traslated in Korean). Seoul: Samsin
Press; 1970.

Sakata E. The Opening Theory of Go. Seoul: Munwon Press; 1980.
Chen X, Zhang D, Zhang X, Li Z, Meng X, He S, et al. A functional MRI
study of high-level cognition. II. The game of GO. Brain Res Cogn Brain
Res 2003;16:32-37.

Lee B, Park JY, Jung WH, Kim HS, Oh JS, Choi CH, et al. White matter
neuroplastic changes in long-term trained players of the game of “Baduk”
(GO): a voxel-based diffusion-tensor imaging study. Neuroimage 2010;
52:9-19.

An SG, Jeong SH, Baek KJ. A study on the effect of the brain activation
and emotion by child Baduk study. ] Technol Acad Indust Technol 2010;
11:1436-1441.

Ogrim G, Kropotov J, Hestad K. The quantitative EEG theta/beta ratio
in attention deficit/hyperactivity disorder and normal controls: sensi-
tivity, specificity, and behavioral correlates. Psychiatry Res 2012;198:
482-488.

Quintana H, Snyder SM, Purnell W, Aponte C, Sita J. Comparison of a
standard psychiatric evaluation to rating scales and EEG in the differ-
ential diagnosis of attention-deficit/hyperactivity disorder. Psychiatry
Res 2007;152:211-222.

Snyder SM, Quintana H, Sexson SB, Knott P, Haque AE, Reynolds DA.
Blinded, multi-center validation of EEG and rating scales in identify-
ing ADHD within a clinical sample. Psychiatry Res 2008;159:346-358.
Snyder SM, Hall JR. A meta-analysis of quantitative EEG power associ-
ated with attention-deficit hyperactivity disorder. J Clin Neurophysiol
2006;23:440-455.

El-Sayed E, Larsson JO, Persson HE, Rydelius PA. Altered cortical ac-
tivity in children with attention-deficit/hyperactivity disorder during
attentional load task. ] Am Acad Child Adolesc Psychiatry 2002;41:
811-819.

Barry R], Clarke AR, Hajos M, McCarthy R, Selikowitz M, Brugge-
mann JM. Acute atomoxetine effects on the EEG of children with at-
tention-deficit/hyperactivity disorder. Neuropharmacology 2009;57:
702-707.

Chabot RJ, Orgill AA, Crawford G, Harris MJ, Serfontein G. Behavioral
and electrophysiologic predictors of treatment response to stimulants
in children with attention disorders. ] Child Neurol 1999;14:343-351.
Song DH, Shin DW, Jon DI, Ha EH. Effects of methylphenidate on
quantitative EEG of boys with attention-deficit hyperactivity disorder
in continuous performance test. Yonsei Med J 2005;46:34-41.
Swartwood MO, Swartwood JN, Lubar JE Timmermann DL, Zimmer-
man AW, Muenchen RA. Methylphenidate effects on EEG, behavior,
and performance in boys with ADHD. Pediatr Neurol 1998;18:244-250.
Kim YS, Cheon KA, Kim BN, Chang SA, Yoo HJ, Kim JW, et al. The re-
liability and validity of Kiddie-Schedule for Affective Disorders and

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

SH Kim et al.

Schizophrenia-Present and Lifetime Version- Korean version (K-SADS-
PL-K). Yonsei Med J 2004;45:81-89.

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Version. Washington, DC: Ameri-
can Psychiatric Association; 2000.

Yang YH, Kim JW, Kim YN, Cho SC, Kim BN. Screening for Attention
Deficit/Hyperactivity Disorder for children in Seoul. ] Korean Neuro-
psychiatr Assoc 2008;47:292-298.

Guideline thirteen: guidelines for standard electrode position nomen-
clature. American Electroencephalographic Society. ] Clin Neurophysiol
1994;11:111-113.

Raven J, Raven JC, Court JH. Manual for Raven’s Progressive Matrices
and Vocabulary Scales. San Antonio, TX: Harcourt Assessment; 2003.
Wechsler D. Wechsler Intelligence Scale for Children. 4th Edition. San
Antonio, TX: The Psychological Corporation; 2003.

Wechsler D. Wechsler Intelligence Scale for Children. 3rd Edition. San
Antonio, TX: The Psychological Corporation; 1991.

Gr EGoire J, Van Der Linden M. Effect of age on forward and back-
ward digit spans. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn
1997;4:140-149.

Shin MS, Koo H]J. Childrens Color Trails Test. Seoul: Hakjisa; 2007.
Koo H]J, Shin MS. A standardization study of Children’s Color Trails
Test. ] Korean Acad Child Adolesc Psychiatry 2008:28-37.

Tombaugh TN. Trail Making Test A and B: normative data stratified
by age and education. Arch Clin Neuropsychol 2004;19:203-214.
Sanchez-Cubillo I, Perianez JA, Adrover-Roig D, Rodriguez-Sanchez
JM, Rios-Lago M, Tirapu J, et al. Construct validity of the Trail Making
Test: role of task-switching, working memory, inhibition/interference
control, and visuomotor abilities. ] Int Neuropsychol Soc 2009;15:438-
450.

American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition.Washington DC: American Psy-
chiatric Association Press; 1994.

So YK, Noh JS, Kim YS, Ko SG, Koh YJ. The reliability and validity of
Korean Parent and Teacher ADHD Rating Scale. ] Korean Neuropsy-
chiatr Assoc 2002;41:283-289.

Chabot RJ, di Michele E Prichep L, John ER. The clinical role of com-
puterized EEG in the evaluation and treatment of learning and attention
disorders in children and adolescents. ] Neuropsychiatry Clin Neurosci
2001;13:171-186.

Matsuura M, Okubo Y, Toru M, Kojima T, He Y, Hou Y, et al. A cross-
national EEG study of children with emotional and behavioral prob-
lems: a WHO collaborative study in the Western Pacific Region. Biol
Psychiatry 1993;34:59-65.

Chabot RJ, Serfontein G. Quantitative electroencephalographic profiles
of children with attention deficit disorder. Biol Psychiatry 1996;40:951-
963.

Bresnahan SM, Anderson JW, Barry RJ. Age-related changes in quanti-
tative EEG in attention-deficit/hyperactivity disorder. Biol Psychiatry
1999;46:1690-1697.

Mann CA, Lubar JE, Zimmerman AW, Miller CA, Muenchen RA.
Quantitative analysis of EEG in boys with attention-deficit-hyperactivity
disorder: controlled study with clinical implications. Pediatr Neurol 1992;
8:30-36.

Clarke AR, Barry R], McCarthy R, Selikowitz M, Magee CA, Johnstone
§J, et al. Quantitative EEG in low-IQ children with attention-deficit/
hyperactivity disorder. Clin Neurophysiol 2006;117:1708-1714.

Miller EK, Cohen JD. An integrative theory of prefrontal cortex func-
tion. Annu Rev Neurosci 2001;24:167-202.

Benchenane K, Tiesinga PH, Battaglia FP. Oscillations in the prefrontal
cortex: a gateway to memory and attention. Curr Opin Neurobiol 2011;
21:475-485.

www.psychiatryinvestigation.org 151



